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Effect of the (Stress-Strain) Diagram Resulting
from Different Strain-Rates on Response of the
RC Frame Structures

Dr.Eng. Sulyman Al-Aamoudee Eng. Ahmad Ali

Faculty of Civil Engineering

Abstract
This research includes an analytical study using dynamic
analysis according to the time histories of a frame of reinforced
concrete tested on a shaking table, and it is concerned with
calculating the changes in the seismic response of this frame,
I.e. changes in the story displacements and accelerations as a
result of the effect of the different strain rates of the concrete, as
many studies have proven that the mechanics properties of
concrete change with the strain rates of its deformation.
The study showed that both the characteristic strength of
concrete and its elastic modulus increase with the increase in the
value of the strain rates by a percentage ranging within the
range (5-80%) and (9-48%), respectively. Depending on this it
Is noticeable decrease both of the story displacements and
accelerations for frame effect result stress-strain diagram of
concrete resulting from increasing strain rates, and the stress-
strain diagram of concrete suitable for the frame was reached by
comparing the results of the laboratory and computer response
of the frame.

Keywords: time record - seismic response - strain rates - (stress
- strain) diagram - nonlinear analysis - story displacements -
accelerations
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Jelaal Loy Lo cudae] 3580 138 clidle o ) d8laaYly calazin)
clapall 3 5l el Ay ae Alae Spaliall aiaail

— Jeal) @l axi CEB 2010 osinll 4 &dsal) dsalll lass (38,

: !S :.n:’ o ”.,_” (b £
_ [ ky=y? y
f, = (—1+<k_z>.y) £y (3)
Ec |, __Eg
Y —;,k __Ec1 (4)

-

35 ) e o5l €4

89,3 die abalal) Jue By

e odill) €015 50 O el ZghE 5 Ggial) (B Jeala) ogiil) £,
(DledY!

Eci = Eco- ag. 3\/% (Mpa) 48l sy 5 Osind) Ay pall dalaa Ey
E.p.ap = 25800 Mpa & &

Caial b CEB 2010 3 1)) (5)Jsand) (e 4isladl cDlelaal) 31 ¢Sy
sl

25



cildial) laial o Adlidal) o gdil) cile pu ¢ @il (o 9l ~lgay)) Jalada il

daluall 4 ginl) 4y UaY)

concrete stress o, <0

fem
plasticity number:
E\’.’l
; A
E::, = Ecm
' ¢! I o
Eet £ ¢, lim ==

concrete strain . < 0

CEB 2010 ciliagi crua (5l (0 — g) Jalaia —(8)JSl

Osinll Calial Cuaa (il Al glall il gty 439 5all Calas —(5) Jsaal

CEB 2010 ciluas s ddhiadl)

Concrete | 5 | 16 | €20 | €25 | €30 | €35 | c40 | €45 | €50
grade
E.[GPa] | 27.1 | 288 | 303 | 320 | 336 | 350 | 363 | 375 | 386
EalGPal | 111 | 122 | 133 | 149 | 165 | 182 | 200 | 216 | 232
%] | 19 | 20| 21| 22| 23| 23| 24| 25| 26
Scim[%] | 35 | 35| 35| 35| 35| 35| 35| 35| 34
k 244 | 236 | 228 | 215 | 204 | 192 | 1.82 | 1.74 | 166
Concrete | 55 | 60 | €70 | €80 | €90 | C100|C110 | C120
grade
E.[GPa] | 397 | 407 | 426 | 444 | 460 | 475 | 489 | 503
EalGPa]l | 547 | 262 | 289 | 314 | 338 | 360 | 393 | 427
g1[%] | 26| 27| 27| 28| 29| 30| 30| 30
Sim[%0] | 34 | 33 | 32| 31| 30| 30| 30| 30
k 161 | 155 | 147 | 141 | 136 | 132 | 124 | 1.18
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Lbis alay dal (e ubaill 416 (3) 4dlal) 55 CEB 2010 s
Tyt paall S AdBI Jlaal) Jady il 3l5aY) dadis osial (spdimaleal)
220N el (335 55,00 die Aig el Julaa ol dagd 24

feuimp _ (Eey002  (5)

Ec1 Eco

ECllm C
Zeiimp _ (5 )0026 ... (6)

Eci
3 M) die  Spaliall 0988l 0 iy — i
(MPa) 3, )l xie  Saeliall adaldll (e Eciimp —
(1/8) Qsind) o9t depu €, —
30 * 1070571 (golais (ysiadl Al ogil) ey £ —
Spaall diagliad Bsilly £ gy il ASalinll Epalaedl) dagliall asYs

:oSoaliall adimil) Jalae Ae axsiios f7, At

( (_)0014—.€<3051 \
fc,imp —

fe 0012( —£)/3,¢ > 30571

CO

(D)

Aapail) Clpa il A Aerdione 313 (6) (5) (3) el o 583 jpaal
M\ dALv.A 45)\.9_\ EL) u.m}ﬁ\ w\ﬁjb CEB 1990 J}S ‘_ﬁ oJ_)‘}l\

feSraliall
£
' ._5)1.0260( P 6 < 30 S—l
Toimp _ ) “eeo” C)
Jre Ys(9)V3:é> 3057
1
O‘_F% , logy, = 6.156a—2 .....(9)
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daluall 4 ginl) 4y UaY)

sl el e gl sl cila guilly Aig el Cdlalae a CNAY ALY
il (5) Jsaall A

o) Gl Caa ¢y giall A ghall il gl 435 yall EDalae —(6) Jsandl
Glaagi 38 4iadl  CEB 1990

]
|
|
|

. . i
Concrete grade, C12 | C20 0 CH) ! C40) ‘ C30 | Cad | CTD | C8O

| |

335 365 35S 41 | ans| 445
175 22 | 265 31 | 355 40
-37| -33| =30 -28| -26| -24

..... i

E,(10°MPa) | 27 30.5
E,(10°MPa) | 9 | 125
B (1077 —5.0 4.2

Eci =f'c/€1 5 €1 = —0.0022 ol e

ile o Ll gy o5l (0 — €) Jahde Sy Al Akl b Lag
!4:\1:; ojﬂ\

Gluag cua (0 — €) hhia (& Jdalall Gl Gon (1) JEad

o3 Aoy Jal (us f/. = 30MPa o ¢us CEB 1990 5 CEB 2010
§=10s"1

asilly sl CEB 35S0

CEB 2010 CEB 1990
clialgall clialgall clialgall clialgall
Aspad | Agul | Agsbud | Al

Eci(Mpa) 33600 46766.42 33500 46627.2

Ecl(Mpa) 16500 10114.3 17500 10574
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fel 0.0023 0.00297 0.0022 0.00284

r 0.0033 0.00451 0.0037 0.00477

k 2.04 4.624 2.457 4.41

o(MPa) —e—static —@—CEB2010 CEB1990
50
45
40
35
30
25
20
15
10
€

OE
0 0.001 0.002 0.003 0.004 0.005

f'c = 30MPa— CEBluas cuus (5l (0 — €) ki —(9) sl
§=10s"1;

30 apaally aadl) SlaaY) Ga o sl e glie dagdy CaAY] Gl LAl
oo Bailedl g3l Jue o ) A8l %(61.4-20.5) o oslys CEB
ST sl aaal) jlaal) 8 sl

feSpaliall aptcaill Jales ad of Cam
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cal CEB 2010 sy G (1.503) cals CEB 1990 lasy) (3
(1.195)

Slaayl e il hbadly Sl (0 — €) Jabada o 43l
Lasa @il 6y a8 aelall e3all 3 € (o)l 12Dl CEB 2010
Faniall e Laslel) eall 4

Jlaall Garia sl Alls dabidal) ositll ey 580 (uyn (2) JEal)
SlaaY) Gés f'. = 30MPa o5l e € = (0.001 — 100) s~ 1

CEB 2010
c(MPa) =@ ststic == 0.001 0.01 0.1 —e—1
60 —0—10 —fe 30 — 50 — 100
50
40
-t ..AAA'\,A,A'Q' ¢
' "’b
30 '-_-‘ =
20
V% o
74
10 74
/_/
E
0
0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 0.005

CEB2010 lias cua (5l (0 — £) ke —(10) J<)
¢ = (0.001 — 100) 57 o5t ey Jal (305 f', = 30MPa
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Ll e daled) e3al) e laialy ()5S0 opiil) deyu il of Jaadls

OsSas Al Al ae haS Ll S e lall ¢3al) O O S (0—¢)
€ > 30571 Cleju dal e laad) Jel& e s byl

Ae yus dad 2L3L sinll 3hiaall A glaall Al Jaadlall e 43ld SUA dalay L
% 1.792 Jaias € = 0.001 st dai (e B 1.05 Ay o gunl)

¢ =100s""1 Jal

Jal e Siad (Al cllaadSlal cld e osill g al Calial iy aic
Osinll Baae Claslia dal ey € = 10577 opiil) de jud dad i
:laladdll culK f'. = (20 — 40 — 70)MPa

—@— f'c=20-sta == f'c=20-day == f'c=40-sta

f'c=40-day == f'c=70-sta —@—f'c=70-day

90

0 0.001 0.002 0.003 0.004 0.005

CEB2010 Glass e (ysinll (0 — €) Lakaia —(11) Sl
fle = (20 — 40 — 70)MPa o5l e leslid- € = 10571
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Lasi 255 (0 — €) Jalada 5, ilate (o Al cilasdlall Ciliay
Gsinll Bpaal) Lasliall b3l

t il A yaill @kally alsall —4-3

{Etabs 16 meliy e DU Aypulall Aadadl  —1-4-3

sl (A 3ls s LS LY jualie] A8LaY L daditia) Msall Caypad o
Nonlinear Hinges aialll Joaliall Ciypi 2 WS el 35S0l lialsal
& Cua Nl JS Sl e D5 ey (Moment M3) g5l Frame
Fiber P-M2-) g5 s « el dsh (30 %10 (alll Jomial Joha e
s e Jalial 38 a8 Cillaadl ajad A8LaY L Ayysmae 558 IS8 Aats (M3
caganll sl (30 %10 Galll Juaiall Jsh Jliie) 25 cagee IS Jilgd (10 %5
7 i) LY S ey

G ahainly Ly guls = daid) UaY) —(12)Jal
pSaalial) Qs Jale  —2-4-3
Y 83ell sl Jaall s s (@
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Loma 4V 538 AGWO000 LS pal) dpmayall Zuhyall 8 35 L o 52
Peer  _allall a8 galls L3kt Lllas) &5 285 1989 Lle Prieta
Y 3 X omalaty) 884 Sy g Earthquake Database

sl dayla aaas (b
(Nonlinear Modal-FNA) a3l el Jad) 48y hay Jalail) slaie)
Odiplal)  Jas 3l o bl el aladiuly Julanl) elya) aey (i i
A 1305 QST 5 el i (ge DS OIS B Q) VY 08 b
Sty yhall e aleall Jad Azl ) ddy k) s
ofilage o gef da) dalyal daailly
bhis e ogiill cleju 5l Jaa) 050 £ ises slial s 1 J5Y) Assal
o5l (0 — )
Lbie o osdll cileyu 580 Jay) ae 73l L) oy Al dlsyll
2 e Linlaad culalyyl & dlalall eyl Glaas sl (0 — €)
o Clus 5 Cus (Gl5aY) daie e pit) z3saill) dpasall Zuhyall
¢ =(0.001 — 100) s71 Jlaall 3 Axdlgll osiill le yus die Laladdll
oY) (335 4l iy Scale Factor sl Jaleal 4unallys

S.F = i;;g"”.ﬂﬂ)

iy Ll Jsmasl) cosllaall LY 500l Sy 525 Cargdl poludll Ay Cua
0.89 dgxayall duhall 8 ) Le o

B85 Ay Jaaall el dad) (e 22 33l alic vl bl Ay
0.1695g & X slaxV)
g = 9810 mm/s? ipa ¥ il gl g

0.8g

SSF=—1-9
0.1695g

X 9810 = 46289.69
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cildial) laial o Adlidal) o gdil) cile pu ¢ @il (o 9l ~lgay)) Jalada il

Aaliwad) 45 i) 4y

et il —4
e lally Al Al & dealad) el slsy) —1-4

takae Y cilejlally dpadae V1 Agall claliV) Al Jylaall mass

s Apalae V) clejlalls dadae Y dglall cilalyiV) —(8) Jsaall
Sl (0 — ) ki

Story Load Case UX/g Dis(mm)
Story2 LC-X Max 3.172 65.908
Story2 LC-X Min -3.27 62.744
Story1 LC-X Max 1.702 32.73
Story1 LC-X Min -1.705 30.61
Base LC-X Max 0.8 0
Base LC-X Min -0.618 0

a5l 138 (e grifins

(0.078 sec) (0.262 sec) z3saill 13gh J3lly S5 cpyslll dad o) —
z sl e Cysall (pda Aadl ol ClEl) sy sl e
il

iy g g atl) il e Jo¥1 alall claliiV) dad 8 @)ld 2y -
Osinll il Sl e junall (0 — ) Jabade Apaa 8y5 0 o

BN e
€ =0.001s71 Jal e Laalae¥) cle s dadae Y1 Aaall claliV) —(9) Jsaall
Story Load Case UX/g Dis(mm) AUX A Dis
Story2 LC-X Max 3.798 62.459 0.197 -0.052
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gagalad) Glaslus

S ) 2022 ale 1 aall 44 Al Cad) daals Alaa

Story2 LC-X Min -3.367 70.647 0.029 0.126
Storyl | LC-X Max 1.999 31.107 0.175 -0.049
Story1 LC-X Min -1.828 34.938 0.072 0.141
Base LC-X Max 0.8 0 - -
Base LC-X Min -0.618 0 - -

€ =0.01571 Ual e deadacY) cilelually dpadae Y1 Al colalyyy) —(10) Jsaall

Story | Load Case UX/g Dis(mm) AUX A Dis
Story2 | LC-X Max 3.941 59.063 0.242 -0.104
Story2 LC-X Min -3.374 69.842 0.032 0.113
Story1 LC-X Max 2.053 29.309 0.206 -0.104
Story1 LC-X Min -1.860 34.988 0.091 0.143
Base LC-X Max 0.8 0 - -

Base LC-X Min -0.618 0 - -

€ =0.15"1 Jal o LpalacYl cilejlally dpadae ) AUl clalyyiV) —(11) Jsaal

Story Load Case UX/g Dis(mm) AUX A Dis
Story2 | LC-X Max 3.689 58.191 0.163 -0.117
Story2 LC-X Min -3.534 62.503 0.081 -0.004
Story1 LC-X Max 2.108 28.92 0.238 -0.116
Story1 LC-X Min -1.914 31.593 0.122 0.032
Base LC-X Max 0.8 0 - -

Base LC-X Min -0.618 0 - -
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E:

1571 Jal (e dalae Y clejlally dpakaeY1 gl cilalyyl —(12) Jsaal)

Story | Load Case UX/g Dis(mm) AUX A Dis
Story2 | LC-X Max 3.109 52.255 -0.020 -0.207
Story2 | LC-X Min -3.338 49.911 0.021 -0.205
Storyl | LC-X Max 1.892 25.956 0.112 -0.207
Story1 LC-X Min -1.778 25.179 0.042 -0.177
Base LC-X Max 0.800 0 - -

Base LC-X Min -0.618 0 - -

€ =10s71 Jal o LpalaeYl cilejlally dpadae ) AUl il —(13) Jsaal

Story | Load Case UX/g Dis(mm) AUX A Dis
Story2 | LC-X Max 2.672 43.994 -0.158 -0.332
Story2 | LC-X Min -2.969 39.046 -0.092 -0.378
Storyl | LC-X Max 1.534 21.963 -0.098 -0.329
Story1 LC-X Min -1.576 19.334 -0.076 -0.368
Base LC-X Max 0.8 0 - -

Base LC-X Min -0.618 0 - -

€ =505 Ual o dpalael cilejlally dpadacy) AUl cilalyyV) —(14) Jsaal

Story Load Case UX/g Dis(mm) AUX A Dis
Story2 | LC-X Max 2.299 37.012 -0.275 -0.438
Story2 LC-X Min -2.617 32.234 -0.12 -0.486
Story1 LC-X Max 1.35 18.395 -0.207 -0.438
Story1 LC-X Min -1.528 16.033 -0.104 -0.476
Base LC-X Max 0.8 0 - -
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Base

LC-X Min

-0.618

€ =1005"" Jal (e akie¥) e jlually Lade¥) Al laly) —(15) Jsaad)

Story Load Case UX/g Dis(mm) AUX A Dis
Story2 | LC-X Max 2.024 33.647 -0.362 -0.489
Story2 LC-X Min -2.456 27.715 -0.249 -0.558
Story1 LC-X Max 1.243 16.669 -0.27 -0.491
Story1 LC-X Min -1.496 13.804 -0.123 -0.549
Base LC-X Max 0.8 0 - -

Base LC-X Min -0.618 0 - -

A Al Lalin clejlually laliV) ad of Akl Jghaall ez

ol Ay pa Jalae o S 35m 4 13 05 e

s el gall dedll Ll e el (00— €) Jabade a3 —2-4

oo BN LU gl el Sl e el (0 — €) daladia apad
z3lall dlaiad ae SliaYl Alls e sl HUaY) Ll 43)he 3k
e igie s Lo Cruag Al Jlaadl 3 Leadln Wy Al 4l

Agall J5Y1 Galall lalyy dpalaeY) sl slaie) o5 [5] dra yall dudpall
Ol Gl 138 by sl Jaadl alad) JSEN ZiLaY L ¢(16)Jsaally
Aaall LS (13)J8al
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Drift of 1" story (mm)

cildial) laial o Adlidal) o gdil) cile pu ¢ @il (o 9l ~lgay)) Jalada il
daluall 4 ginl) 4y UaY)

il e Al Jg¥) uldall dpakie ) clalyyiN) —(16) Jsaal

Story Load Case (X dir) Dis(mm)
Story1 Loma Prieta earthquake—max 22.8
Story1 Loma Prieta earthquake—min 23.5
30 T T T T T T T
‘ | e Experiment
201 : - ~ Simulation-before model updating ||
1ok | ' Somemen Simulation-afier model updating
0 it :‘, f i i -
‘ i TEARLLMIAM 2 18 e S bl i Daell
<10+ X [ |
- / {
20k . .,E N -~ \ 1
s T L ST, 1
.30 I 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
Time (s)
Sy daaie e piaall U J5Y) il calalyi) —(13)dsa
teli) ahadinly Jlaall #2354l e Aaslil)l Glalydld Jedl) Jadl Al
40
30 Dis(mm)

-40
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Aot bl alasiuly Jladll #35aill Jo¥) Galdall cilalyysl —(14) s
Sl (0 — g) hkas

40
Dis(mm)

30

bl alasialy dlaall z3gall J5¥1 Goldall cilalyssl —(15) s
£ =0.001s7"

40

20 Dis(mm)

bl lasinly Jlaall z35aill Y1 Glall syl —(16)Jsal)
£=0.01s""
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bl alasialy dlaall z3gall J5¥1 Goldall cilalyssl —(17) s

40

30 | Dis(mm)

30 40 60
t(sec)

-40

§=0.1s"1

50 ) 60

t(sec

bl alasinly Jlaall z35aill J5¥) Gl cilalyyl —(18)Jsal

&§=1s"1
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) bl alasianly dlaall 7 35aill J5¥1 Goldall cilalyssl —(19) sl

5o | Dis(mm)

§=10s"1

20 | Dis(mm)

gl lasinly Jlaall z3gaill J6¥) Gl cilalil —(20)Jsal
€ =>50s""
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-20

bl alasialy dlaall z3gall J5¥1 Goldall cilalyssl —(21) Jsal)
€ =100s""

(18) Jsill & = 1577 ositll dejus 4 crly A 2 3l il (of LoDl
Ll e danlil clalidl iedll Jad) il we Ui il i<

:(t=0~12 sec) Luakae¥) clalyy) ddlaial aupyll (ulia s,

Dis {mm)

-20

.30 t(sec)

(t=0-12 sec)Jlaall an Js¥) Gilall Auadac ) cilalyy) —(19)Jsal
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it eAabilally Ayl ) JSEy adl (o) B (K 1aa cpe
Aliay) Jlaay adlayl Jalasl) < Al aelanll dad Hlac) ) 5)lall 4.8
oYy Al o

Y] ealiad 020N il & Jealall ) Glus —3-4

(20) J<2

150
M3(kN.m)

100
50
0

-50

-100

-150

S5l (0 — €) Jahia da 1= adaiall b My ajall =(21)JS
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150
Q2(kN)
100
50
0 -
. 0 30 40 50 t(sec) 60
-100
-150
Sl (0 — g) Labade dagi 11 ahiall b Q, aill 558 —(22) IS
150 NIN)
100
50
0
-50
-100
-150
(0 — €) Labde dag [-1 adaiall & N Ayl 580 —(23)J<a
Sl
iz dsaill 13gd Aa 0 (ggill Apadae V) 4l (17) Jsaadl sy
Sl (0 — €) Zasaill Gugyaall alaiall 3 Adalall gl —(17)Jsaa))
M3 (kN.m) illaa¥) aje | Q2(KN) paill 35 | N(KN) dyysaall 5l
max 136.716 107.310 129.407
min -127.487 -99.791 -124.173

2 all gl pdaiall 8 Aol (gill Apalict) adl) T Jylaall measiy
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zasail Ce e Jealall sl Aoy Adlisall o gl ilejun e dailil

: el

Gl e b Jualall el —(18)Jsaal

o 5]l A M (KN.m) Gusyiall ahial) & CillaxiY) aje dad

(s 0.001 | 0.01 0.1 1 10 50 100
max | 142.42 | 142.23 | 149.03 | 142.22 | 127.71 | 111.21 | 102.59
min | -159.42 | -170.26 | -163.69 | -138.58 | -112 | -96.86 | -85.02
Silid) (00— €) zasailly sl Gileyu o & (0 — €) zilai G @AY s
max 0.042 | 0.040 | 0.090 | 0.040 |-0.066 |-0.187 | -0.250
min 0.250 | 0.335 | 0.284 | 0.087 |-0.122|-0.240 | -0.333

oaill 38 8 Jualall i) —(19)Jsal
o) Ac yuu Q2 (KN) (s yral) plaial) o (il 558 Lo

(s™ | 0.001 | 0.01 0.1 1 10 50 100
max | 111.91 | 111.63 | 117.03 | 111.95 | 100.44 | 87.25 | 80.90
min | -124.87 | -133.96 | —129.18 | =109.60 | -87.76 | ~75.94 | —66.74
Sl (0 — €) zaseily osdill Sleju e @l (0 — €) il g (Al
max 0.043 | 0.040 | 0.091 | 0.043 |-0.064 | -0.187 | -0.246
min 0.251 | 0.342 | 0.295 | 0.098 |-0.121 | -0.239 | -0.331

Agypnall 358l 3 Jealall il —(20)Jsaal
o5l Ae yuu N (KN) (s paal adaiall 8 dyysaadl 558l dad

(™) | 0.001 | 0.01 0.1 1 10 50 100
max | 111.91 | 111.63 | 117.03 | 111.95 | 100.44 | 87.25 | 80.90
min | -124.87 | -133.96 | —=129.18 | =109.60 | -87.76 | ~75.94 | —66.74
Sl (60— €) zasaills opfill Cileyu o il (0 — €) il o Gl s
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max 0.043 0.040 0.091 0.043 | -0.064 | -0.187 | -0.246
min 0.251 0.342 0.295 0.098 |-0.121 | -0.239 | -0.331
Jslaadl 8 52yl ol (385 (payall adatally Aol (g5l ala)) Jaadls
Gleyud) Jal (e lgiad (midiiy € < 1 57 sl cile pu Jal (e A8L)
sag) €= 1571 aydi o0 Aoy o il z3salll o Jaadly LS ¢ <Y
dalal) ool b et 8 el (Aanpaall Auhall ae Wyles SSY) 2 3sall il
gyl 2 3l
D€ =157 zisaill (ugyaall adatall Adalal) gl A0 llakadal) gy
200
1so | M3(kN.m)
100
50
0 e
50 30 40 50 t(sec) 60
-100
-150
-200
€ =151 23l dal o 171 ghaiall & My a3l —(24) <l
150
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Protection of Ain Al-Soudah Pumping Pipes from Hydraulic
Hammer Using Pipes Made of Different Material

Prof. Dr. Adel Yousef Georgi '
Eng. Alaa Ali Al Hassan !

Abstract

The use of polymeric materials according to the used technologies
greatly enhances the hydraulic reliability of the work of the design
systems in terms of protecting operators from the dangers caused
by water hummer on the one hand, and reducing the economic
cost of protection equipment on the other hand. therefore, we
studied the effect of replacing a part of Ain Al-Souda pumping pipe
were studied different percentages of high-density polyethylene
pipe in three locations (beginning - middle).also we find the
mathematical relationship between the ratio of replacing parts
and the ratio of maximum pressure drop under its value without
the replacing process .

The results showed that the place of replacing affected the
decrease in the maximum pressure values. The closer the replacing
part site was to the device causing the water hummer (pump) had
a greater effect in reducing the high pressure values that result of
it , in addition to a noticeable decrease in the volume of water
vapor formed by the water hummer.

In order to show the effect of replacing process in a part of the
pumping pipe, on the volume of the pressure tank added to the
network, an economic comparison was accomplished for the best
hydraulic scenarios, and the results confirmed the preference of
the replacing parts process instead of buying and installing a large
pressure tank. The best and least expensive solution is to use a
small tank (100 Liter) with 10% replacing ratio, and by increasing
the percentage of replacing parts, it is also possible to dispense
with the installation of a pressure tank.

Keywords: Water hummer, pumping, pipe, Tank.

! Professor, Department of Water Resources Engineering and Management,
Faculty of Civil Engineering, Al-Baath University, Homs, Syria.
"' Postgraduate Student, Department of Water Resources Engineering and
Management, Faculty of Civil Engineering, Al-Baath University, Homs, Syria.
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Removal of persistent organic pollutants
from the water of Sureat Lake by
hydrodynamic cavitation technology

Dr. Haitham Shaheen'!
Dr. Hussein Junaidi?
Dr. Ahmad Qara Ali?

Eng. Amal Ateah 4

ABSTRACT

The research was studied the issue of removing persistent organic
pollutants (POPs) from water of Lake Sureat, especially the
polycyclic aromatic hydrocarbons (PAHs), Anew advanced
processing system was designed by using hydrodynamic cavitation
technology, Water samples were taken after times of 5, 10, 15, 20,
25 and 30 minutes and determined the concentrations of aromatic
compounds (PAHSs). The results showed a high efficiency of
hydrodynamic cavitation technique in removing (PAHSs) compounds
from the water of Sureat Lake, the removal ratio of (PAHS)
compounds was 100% after an operating time of 30 minutes,
Therefore, the hydrodynamic cavitation technique can be considered
as a promising and effective method for degradation the dangerous
persistent organic pollutants in the aguatic environment.
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Ghromatography technique, orifice plate, water of Lake Sureat.
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Prediction of the Ultimate Load Capacity
of a Single Concrete Pile in Clayey Soil

Dr. Rami Alabdeh

O ABSTRACTO

This research is an attempt to establish a preliminary database on
the experiments of static loading on the concrete piles applied in
clayey soils. The research was based on the analysis of a large
number of curves of the numerical load experiments on the
ABAQUS numerical program after calibration on a field
experiment, and study of changing the value of parameters such as
Yong coefficient, cohesion and others. Based on the results, a
preliminary experimental relationship was proposed to calculate the
ultimate load capacity of the pile in clayey soil and suggested an
equation for the regression curve of the experiment with one of the
above soil parameters. The results were compared with the common
methods used to estimate the ultimate load of the pile. The proposed
equations offer easy and simple method to draw the load curve and
estimate the ultimate load of the pile and can be considered as an
introduction to follow-up research development to include other
types of soils.

Key words: Concrete Pile, Clayey Soil, Finite Element Method
(FEM), Pile Load Capacity, Static Load Test.

*Assistant Professor - Department of Geotechnical Engineering - Faculty of Civil
Engineering -Tishreen University — Lattakia— Syria.
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(e o Curve Expert J) say ialy) zaliyn Blaiul) 2B g A cpilill s paasl
ISy abli o Uil (Lsgl-dlgeall) Labie o Jnie sia JS )y 4D
piil) 538 apdath 3 laamy (Jread Jaie IS da) (e Aaldl) culdll & asuly Jitee
Al Gl ae opkal ) gl Joda A AV (3) sl

L cliah AL B g A Gl ad 1(3) a8y Jeaad)

L/D 10 11 12 13

¢ E |C _ N N N B B N N

A*107 | B*107 | A*107° | B*107® | A*107° | B*10° | A*107* | B*107®
(°) | (MPa) | (kPa)
15 10 |10 6.344 | 7.420 | 7.332 | 6.170 | 5.820 | 5.097 | 3.850 | 7.680
17 13 |9 5.276 | 7.296 | 6.119 | 6.105 | 4.906 | 4.953 | 2.740 | 8.000
19 16 4.268 | 7.751 | 4.882 | 6.534 | 4.218 | 5.004 | 2.220 | 8.150
23 | 22 |6 3.091 8.457 | 3.264 | 7.648 | 3.038 | 5.493 | 2.130 | 7.940
15| 20 |15 3.333 | 4.760 | 3.602 | 4.038 | 3.289 | 3.063 | 2.730 | 4.030
17 | 26 |14 2.535 | 4.857 | 2.748 | 4.156 | 2.532 | 3.144 | 2.370 | 3.920
19 | 32 |13 2.160 | 4.831 | 2.422 | 4.135 | 2.200 | 3.122 | 2.260 | 3.770
21 38 |12 2.311 4.463 | 2.269 | 4.066 | 2.213 | 2.961 | 2.160 | 3.670
23 | 44 |11 2.303 | 4.274 | 2.187 | 3.957 | 2.426 | 2.748 | 2.320 | 3.480
25 | 50 |10 2.352 | 4.027 | 2.325 | 3.743 | 2.339 | 2.689 | 2.550 | 3.180
15| 50 |20 1.855 3.499 | 1.785 | 3.103 | 1.899 | 2.230 | 1.820 | 2.780
17 | 60 |19 1.960 | 3.183 | 1.685 | 2.955 | 1.782 | 2.143 | 1.840 | 2.620
19 | 70 |18 1.895 3.045 | 1.722 | 2.818 | 1.802 | 2.025 | 1.680 | 2.570
21 80 |17 1.914 | 2.868 | 1.821 | 2.651 | 1.867 | 1.896 | 1.950 | 2.310
23 | 90 |16 2.222 | 2.569 | 1.970 | 2.464 | 2.000 | 1.765 | 2.160 | 2.110
25 | 100 |15 2.295 2.416 | 2.167 | 2.280 | 2.345 | 1.582 | 2.430 | 1.910
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(3)dsaal) cdati
14 15 20 30 40 50
A*107 | B*107° | A*107 B*10° A*107| B*103 A*1073 B*107? A*10° | B*107 | A*107 | B*107°
3.912 | 7.286 | 3.542 | 7.570 | 4.385 | 5.721 7.330 | 5.720 | 8.518 | 5.618 | 8.718 | 6.185
3.193 | 7.153 | 2.466 | 7.935 | 2.721 | 6.369 | 7.280 | 4.930 | 8.039 | 5.067 | 8.978 | 5.838
2.491 | 7.379 | 1.804 | 8.336 | 2.517 | 6.463 | 6.750 | 4.690 | 7.885 | 5.050 | 8.845 | 5.700
2.094 | 7.602 | 2.118 | 7.670 | 2.054 | 6.809 | 5.980 | 4.520 | 7.641 | 4.998 | 8.700 | 5.396
2.676 | 3.910 | 2.305 | 4.167 | 2.995 | 3.124 1.760 | 4.680 1.483 | 4.694 | 0.942 | 5.670
2.752 | 3.553 | 2.253 | 3.882 | 2.514 | 3.310 1.950 | 4.150 1.854 | 4.003 | 1.242 | 4.900
2.601 | 3.398 | 2.213 | 3.687 |2.216 | 3.312 | 2.280 | 3.620 | 2.102 | 3.554 | 1.533 | 4.308
2.408 | 3.350 | 2.143 | 3.568 | 2.405 | 3.142 | 2.150 | 3.390 | 2.056 | 3.364 | 1.957 | 3.752
2.607 | 3.144 | 2.198 | 3.413 | 2.409 | 3.018 | 2.340 | 3.240 | 2.191 | 3.180 | 2.339 | 3.357
2.538 | 3.078 | 2.308 | 3.241 | 2.778 | 2.757 | 2.490 | 3.060 | 2.490 | 2.935 | 2.503 | 3.145
2.009 | 2.573 | 1.721 2.767 | 1.659 | 2.479 1.720 | 2.710 1.414 | 2.667 | 1.685 | 2.740
1.915 | 2.465 | 1.797 | 2.567 | 1.644 | 2.360 1.790 | 2.480 1.895 | 2.323 | 1.849 | 2.534
1.925 | 2.332 | 1.669 | 2.462 | 1.719 | 2.220 | 2.000 | 2.280 1.827 | 2.202 | 2.078 | 2.308
1.891 | 2.231 | 1.967 | 2.240 | 2.030 | 2.002 | 2.250 | 2.080 | 2.128 | 2.023 | 2.258 | 2.122
2.009 | 2.083 | 2.087 | 2.085 |2.191 | 1.857 | 2.300 1.950 | 2.333 | 1.873 | 2.493 | 1.945
2.239 | 1.906 | 2.185 1.950 | 2.288 | 1.748 | 2.460 1.790 | 2.489 | 1.753 | 2.636 | 1.805

ol L/D dsal Al Al da

rass byl Jiple sl 32l S=A.e®Y iaidl ojall dsles Pla e

In(S) = In(4.e2?)=In(s) = In(4) + In(eB?)

In(S) =In(4) + B.Q
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